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CHANNEL ASSIGNMENT IN WIRELESS 
COMMUNICATION 

TECHNICAL FIELD 

This description relates to channel assignment in wireless 
communication. 

BACKGROUND 

Cellular wireless communications systems are designed to 
serve many access terminals distributed in a large geographic 
area by dividing the area into cells. At or near the center of 
each cell, a base transceiver station is located to serve access 
terminals (e.g., cellular telephones, laptops, PDAs) located in 
the cell. Each cell is often further divided into sectors by using 
multiple sectorized antennas. In each cell, a radio node at the 
base transceiver station serves one or more sectors and com 

municates with multiple access terminals in its cell. A radio 
node can generally support a certain amount oftra?ic in each 
sector for a particular bandwidth and it is often desirable to 
monitor the level of traf?c in a sector in order to ensure that 
the sector is not becoming overloaded. Furthermore, it is 
often desirable to reduce delays in the ?ow of the traf?c 
between the access terminals and the radio node, especially 
when the traf?c includes delay-sensitive data, such as Voice 
over IP (VoIP) data. 

SUMMARY 

In general, in one aspect, the invention features a method 
and a computer program for assigning, to an access terminal, 
frequency channels for communication between the access 
terminal and a radio node of a radio access network based on 
a strength of a signal determined for the access terminal. 

In another aspect, the invention features an apparatus 
including a radio network controller to assign, to an access 
terminal, channels facilitating communication between the 
access terminal and a radio node based on a signal strength 
(e. g., a signal-to-noise (SNR) ratio) determined for the access 
terminal. 

Implementations may include one or more of the follow 
ing. The signal strength for the access terminal may be moni 
tored while communication (e.g., a transfer of voice over IP 
packets) is facilitated between the access terminal and the 
radio node over the channels; and the number of channels 
may be adjusted in response to detecting a change in the 
signal strength. Each of the channels may include a forward 
link for transmitting data from the radio node to the access 
terminal and a reverse link for transmitting data from the 
access terminal to the radio node. A number of channels 
assigned may be based on a comparison of the signal strength 
to a predetermined threshold. The signal strength may be 
determined based on a signal (e.g., a route update message 
signal) sent from the access terminal to the radio node. The 
signal strength may also be determined based from a data rate 
value sent from the access terminal to the radio node, the rate 
being proportional to a signal strength. Furthermore, the radio 
network controller may unassign and assign channels to the 
access terminal based on changes in the data rate value. The 
assigning may comply with one or more of: a l><Evolution 
Data Optimized (EV-DO) protocol, a 3><EV-DO protocol, an 
N><EV-DO protocol, and a IS856-Rev-B protocol. 

Advantages that can be seen in particular implementations 
of the invention include one or more of the following. The 
number of channels providing communication between an 
access terminal and one or more radio nodes are assigned to 
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2 
the access terminal based upon the signal-to-noise ratio 
(SNR) of the access terminal. Access terminals with higher 
SNRs are assigned fewer channels while access terminals 
with lower SNRs are assigned more channels. The assign 
ment of channels based on SNRs of the access terminals 
reduces the average delay of traf?c over an access network 
and enables the network to simultaneously support a greater 
number of access terminals. Furthermore, by maintaining 
only those channels that are required to limit transmission 
delay to an acceptable level (e.g., as speci?ed by a particular 
application, for instance VoIP), power and communication 
resources are conserved at the access terminals and at the 
radio nodes serving the access terminals. 

Other features and advantages will be apparent from the 
description and from the claims. 

DESCRIPTION OF DRAWINGS 

FIG. 1 is a block diagram of a radio access network. 
FIG. 2 is a diagram showing various link assignments. 
FIG. 3 is an illustration of the air links of the radio access 

network shown in FIG. 1. 
FIG. 4 is a diagram showing multiple regions of a signal 

to-noise ratio range for use in determining a number of links 
assigned to an access terminal. 

FIG. 5 is a ?ow diagram of a procedure for assigning links 
to an access terminal using the diagram shown in FIG. 3. 

FIG. 6 is a ?ow diagram of a procedure used in simulations 
for assigning links to an access terminal. 

FIG. 7 plots a number of access terminals experiencing 
delay using a ?xed carrier assignment scheme. 

FIG. 8 plots a number of access terminals experiencing 
delay using the procedure shown in FIG. 6. 

FIG. 9 plots a number of access terminals experiencing 
delay grouped according to the number of assigned carriers. 

DETAILED DESCRIPTION 

Referring to FIG. 1, a radio access network (RAN) 100 
uses CDMA 2000 protocols to transmit data packets between 
access terminals 118a-c and an external network such as the 
Internet 114. Examples of such protocols include: the ?rst 
evolution data-optimized (leV-DO) protocol and the 
N><EV-DO protocol, which builds upon l><EV-DO standard 
and is described in the IS856-Rev-B proposal (cited below). 
In the l><EV-DO scheme, one forward link and one reverse 
link are assigned to each of the access terminals 118a-c for 
communication with the RAN 1 00. In the N><EV-DO scheme, 
an integral multiple of forward and reverse links may be 
assigned to each of the access terminals 118a-c for commu 
nication with the RAN 100. The l><EV-DO protocol has been 
standardized by the Telecommunication Industry Association 
(TIA) as TIA/EIA/IS-856, “CDMA2000 High Rate Packet 
Data Air Interface Speci?cation,” 3GPP2 C.S0024-0, Version 
4.0, Oct. 25, 2002, which is incorporated herein by reference. 
Revision A to this speci?cation has been published as TIA/ 
EIA/IS-856, “CDMA2000 High Rate Packet Data Air Inter 
face Speci?cation,” 3GPP2 C.S0024-A, Version 2.0, June 
2005, and is also incorporated herein by reference. Revision 
B to this speci?cation has been initiated as TIA/EIA/IS-856, 
“CDMA2000 High Rate Packet Data Air Interface Speci?ca 
tion,” 3GPP2 C.S0024-B, Version 0.1, January 2006, but has 
yet not been adopted. 

The RAN 100, which may cover a large service area, 
includes one or more Access Sub-Networks (ASNs), e. g., 
ASN 102, each anchored by a radio network controller (RNC) 
108, communicating with several radio nodes (RNs) 104a 
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1040 using a private or public IP backhaul network 106. Each 
of the radio nodes 10411-1040 may support multiple sectors, 
with each sector covering a certain cell area around one of the 
radio nodes 10411-1040. 
An access sub-network 102 is connected over a public or 

private IP network 110 to one or more Packet Data Serving 
Nodes (PDSNs), e.g., PDSN 112. The packet data serving 
node 112, in turn, receives and transmits data packets (e.g., 
voice over IP packets) to a server 116 using the Internet 114. 
In some implementations, the functions of a packet data serv 
ing node 112 and radio network controller 108 are combined 
into a single device. 

The access terminal 11811 is in communication with the 
radio node 104a using an air link 12011, the access terminal 
118!) is in communication with both radio nodes 104a and 
1041) via an air link 120b, and the access terminal 1180 is 
communication with the radio node 1040 via an air link 1200. 
Examples of access terminals 118a-b include laptops, mobile 
telephones, personal data assistants (PDA), and other mobile 
or stationary electronic devices. 

The air links 12011-0 each comprises one or more channels. 
A channel includes a frequency band used by the RAN 100 to 
send data to the Access terminal (the forward link or down 
link), and a different frequency band used by the Access 
Terminal to send data to the Access network (the reverse link 
or uplink). These frequency bands may be referred to as 
“carriers”. Depending on the technology used, the number of 
forward links and reverse links could be different for a given 
channel. 

FIG. 2 shows examples of assignments of reverse and 
forward links between the access terminals 118a-0 and the 
radio access network 100. The access terminals 118a-0 are 
interchangeable and could be connected to one or more of the 
radio nodes 10411-0. The ?rst link assignment 130 shown in 
FIG. 2 is for use with a leV-DO protocol. The access ter 
minal 11811 is assigned only one channel that includes one 
forward link (denoted “FL”) and one reverse link (denoted 
“RL”). The second link assignment 132 is for use with an 
NxEV-DO protocol. The access terminal 118!) is assigned 
two channels, each including a forward link and a reverse 
link. In this second assignment 132, the number of forward 
links and reverse links are symmetric (i.e., for each forward 
link, there is always a reverse link and vice versa). As shown 
in the third link assignment 134, N><EVDO access terminals 
could have an asymmetric number of forward links and 
reverse links. The access terminal 1180 is assigned three 
forward links and one reverse link on three channels. The ?rst 
channel includes a reverse link and a forward link, but the 
second and third channels each include only a reverse link. 
The number of channels assigned to each of the access 

terminals 118a-0 may be different and vary over time. FIG. 3 
shows examples of assignments of channels to each of the 
access terminals 118a-b using a 3><EV-DO communication 
protocol. Although only the access terminals 118a-b are 
shown, the access terminal 1180 could be substituted for 
either of access terminals 11811 or 1181). Likewise, access 
terminals 118a-b are interchangeable. The access terminal 
118a communicates with the radio node 104a over three 
channels (i.e., channels 1-3), each of which includes a for 
ward link and a reverse link (i.e., channel 1 includes forward 
link 1 paired with reverse link 1, channel 2 includes forward 
link 2 paired with reverse link 2, and channel 3 includes 
forward link 3 paired with reverse link 3). The forward and 
reverse links of the channels 1-5 operate at different frequen 
cies. Separate channels associated with a single access termi 
nal may be hosted by the same radio node (e. g., as with access 
terminal 118a and radio node 104a) or they may be hosted by 
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4 
different radio nodes. For example, the access terminal 118!) 
communicates with radio nodes 104a and 1041) over channels 
4 and 5, respectively. Channel 4 includes forward link 4 
paired with reverse link 4 and channel 5 includes forward link 
5 paired with reverse link 5. 

In some embodiments, communication between an access 
terminal (e.g., access terminal 118a) and a radio node (e.g., 
radio node 104a) is con?ned to a speci?c pair of forward and 
reverse links (referred to as “symmetric pairs”) such that any 
feedback associated with a forward link of a symmetric pair 
must be carried on its associated reverse link and vice versa. 
For example, a symmetric pair may consist of the forward and 
reverse links belonging each of the channels 1-5. In embodi 
ments in which the forward and reverse link pairs of channels 
1-3 are symmetric, communications generated at either the 
access terminal 11811 or the radio node 10411 in response to 
information carried by channel 1 are transmitted only through 
channel 1. Similarly, communications associated with chan 
nel 2 are con?ned to channel 2, and communications associ 
ated with channel 3 are con?ned to channel 3. Alternatively, a 
symmetric pair may consist of forward and reverse links 
belonging to different channels. For example, a symmetric 
pair may include forward link 1 of channel 1 and reverse link 
2 of channel 2. 

In some embodiments, communication between an access 
terminal and a radio node is not con?ned to any speci?c pair 
of forward and reverse links. In these embodiments, feedback 
associated with information carried by a speci?c forward link 
(or reverse link) may be transmitted over any reverse link (or 
forward link) including one that may belong to a different 
channel or one that is connected to a different radio node. For 
example, feedback generated in response to information 
transmitted from the access terminal 118!) to the radio node 
104a over reverse link 4 may be sent to the access terminal 
118!) from the radio node 104!) over forward link 5. 

In some embodiments, the number of forward links and the 
number of reverse links assigned to each of the access termi 
nals 118 may not be equal. For example, the access terminal 
118a may have three forward links and only one reverse link. 
In these embodiments, the channels 1-5 include either a for 
ward link or a reverse link. 

The radio network controller 1 08 determines the number of 
channels to assign to each of the access terminals 118a-b for 
communicating with one or more of the radio nodes 10411-0 
and schedules the transmission of data over the channels. 
Generally, the overall quality of service experienced by a user 
at one of the access terminals 118a-b depends on the through 
put of data transmission between the access terminal and the 
radio node(s) servicing the access terminal. Increasing the 
number of channels assigned to the access terminal increases 
the throughput of data transmission between the RAN 100 
and that access terminal. For applications that are delay 
sensitive, it is desirable to maintain a suf?cient level of 
throughput between each of the access terminals 118 and the 
RAN 100. 
As an example, VoIP applications have strict delay require 

ments. The average bit-rate of VoIP traf?c is approximately 
4.5 Kbps to 8 Kbps, depending on the codec. To ensure a 
satisfactory user-experience, the end-to-end delay of a voice 
message from the speaker’s mouth to the listener’s ear should 
be less than 250 ms. This results in the condition that the delay 
in transmission of VoIP data packets over an air link in the 
forward direction (e.g., one of air links 120a-b) should be no 
more than approximately 120 milliseconds (msec). In gen 
eral, the smaller the delay, the better is the voice quality as 
perceived by the user. In the NxEV-DO protocol, data is 
transmitted over the forward links using a time-division-mul 
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tiplexed modulation scheme. Since NxEV-DO is a time-divi 
sion-multiplexed system in the forward-link, it has limited 
ability to deliver data to multiple users in parallel. Thus, the 
delay in the delivery of VoIP packets over a forward-link 
depends, at least in part, on the quality of the signal as mea 
sured by the access terminal receiving the signal from the 
RAN 100, and the load on the RAN 100 (i.e., the number of 
access terminals being supported by the RAN 100). 
One approach to improving throughput involves assigning 

to each of the access terminals 118a-c as many channels as the 
NxEV-DO communication protocol permits. In applying this 
approach to a 3xEV-DO communication protocol, the radio 
network controller 108 assigns three distinct channels, each 
formed by a pair of forward and reverse links, to each of the 
access terminals 118a-c. In this approach, each of the access 
terminals 118a-c uses energy to maintain reverse links on all 

three channels, which can drain the access terminal’s power 
supply. Furthermore, the total number of access terminals that 
can be supported by the RAN 100 is limited by the capability 
of the most-loaded reverse link frequency band. Each reverse 
link maintained by a radio node delivers power to the radio 
node. Therefore, as more users connect to the radio node 
using the maximum number of reverse links, the power deliv 
ered to the radio node increases considerably. At a certain 
point, the power coming into the radio nodes 104a-c is too 
high; as a result, the system is no longer able accommodate 
additional users. Assigning the maximum number of forward 
links to an access terminal may be considered unnecessary 
and wasteful of forward-link resources when the access ter 
minal has suf?cient signal-to-noise ration (SNR) to provide 
the same or similar throughput using less than the maximum 
number of forward links. 

Another approach involves assigning channels to the 
access terminals 118a-b based on the quality of the signal 
received by each of the access terminals 118a-b. In this 
approach, access terminals receiving signals from the RAN 
100 with a lower SNR are assigned a larger number of chan 
nels than access terminals receiving signals from the RAN 
100 with a higher SNR. 

FIG. 4 shows a channel assignment model 140 for deter 
mining a number of channels to assign to an access terminal 
(e. g., access terminal 118a) in an NxEV-DO communication 
scheme in which a maximum of N channels may be assigned. 
The model 140 includes an SNR range divided into N mul 
tiple regions, the ends of which are de?ned by N SNR thresh 
olds, labeled S1 to SN. The thresholds increase monotoni 
cally from S1 to SN. If an access terminal (e.g., access 
terminal 118a) reports an SNR on a speci?c forward-link 
frequency that is greater threshold SN, the radio network 
controller 108 assigns the access terminal only one channel. If 
the access terminal reports an SNR that is less than threshold 
SN but greater than threshold S(N—l), the radio network 
controller 108 assigns two channels to the access terminal. If 
the access terminal reports an SNR that is less than the thresh 
old S1, that terminal is assigned N channels, the maximum 
number of channels permitted by the NxEV-DO standard. If 
the access terminal reports an SNR lying between thresholds 
Si and S(i— l ), where i can be any integer between 1 and N, the 
number of channels assigned to the terminal is N+l—i. The 
regions of the SNR range 140 may be uniform or non-uni 
form. 

Applying the model 140 to a 3><EV-DO scheme yields a 
SNR range having three regions de?ned by SNR thresholds 
S1 and S2. In this scheme, the radio network controller 108 
assigns one link to access terminals reporting SNRs that are 
greater than S2, two links to access terminals reporting SNRs 
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6 
that are between S1 and S2, and three links to access terminals 
reporting SNRs that are less than S1. 
The thresholds S1 to SN of the model 140 are computed 

from algorithms that determine a range of SNR that is suf? 
cient to provide a required throughput for a given bit-rate or 
range of bit-rates and a given number of channels. In some 
embodiments, the thresholds S1 to SN may be derived from 
experimental data (one example of which is provided below). 
The model 140, which includes the thresholds S1 to SN and 
the rules for assigning channels based on the thresholds S1 to 
SN, is stored in the radio network controller 108. The model 
140 may be represented by various forms, examples of which 
include: a chart, graph, table, and computer instructions (e. g., 
if/then statements). 

FIG. 5 illustrates a process 160 by which the radio network 
controller 108 assigns channels to an access terminal using 
the model 140 of FIG. 4. For ease of explanation, the process 
160 is described in the context of assigning channels to the 
access terminal 118a and could be used in the same way to 
assign channels to the access terminals 118b-c. One or more 
steps of the process 160 may also be implemented by one or 
more of the radio nodes 104a-c in place of or in combination 
with the radio network controller 108. 
The radio network controller 108 sets (162) an index num 

ber i equal to the maximum number of channels permitted by 
the NxEV-DO protocol. In this case, the maximum number is 
N. In embodiments implementing a 3><EV-DO protocol, N is 
equal to three, so the radio network controller 108 sets the 
index i equal to three. 
When the access terminal 11811 is requesting a new con 

nection, it reports an SNR value to the RAN 100. In some 
embodiments, the access terminal 118a receives a pilot signal 
sent from the RAN 100 and reports the strength of the 
received pilot signal to the RAN 100 in a Route Update 
message. The Route Update message may also include the 
relative signal strengths of multiple pilot signals received by 
the access terminal 118a. Based on the pilot signal strength(s) 
reported by the access terminal 11811, the radio network con 
troller 108 determines (164) the SNR of the access terminal 
11811 on all the applicable forward links. The radio network 
controller 108 compares (166) the maximum SNR value to 
the largest SNR threshold (i.e., threshold SN) of the model 
140 shown in FIG. 4. If the SNR value is greater than or equal 
to the threshold SN, the radio network controller 108 assigns 
only one channel to the access terminal 11811. If, however, the 
maximum SNR value is less than the threshold SN, the index 
i is decremented (168) by one (i.e., index i is now equal to 
N— l ). The forward-link that is removed from candidacy is the 
link where the AT reports the lowest SNR. The process 160 
then determines (170) whether the index i is greater than one. 
If the index i is greater than one, the process 160 determines 
(176) whether the SNR value is greater than the threshold Si 
(i.e., threshold S(N—l)) since index i is equal to N—l at this 
time). The process 160 repeats the decrementing (168), deter 
mining (170), and comparison (176) steps until either the 
maximum SNR value is greater than or equal to the threshold 
Si or until the index i is determined (170) to be equal to one. 
If index i is equal to one, then the SNR value is known to be 
less than threshold S1, the lowest threshold; and as a result, 
the controller assigns the maximum number of channels, N, 
to the access terminal 11811. If, however, the radio network 
controller 108 determines (176) that the SNR value is greater 
than or equal to a threshold Si before index i is decremented 
to a value of one, the radio network controller 108 assigns a 
number of channels equal to N+l—i to the access terminal 
11811. For example, if N is equal to three, and the maximum 
SNR value is determined to be greater than or equal to thresh 
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old S2 but less than threshold S3 (index i is equal to two), the 
controller assigns two channels corresponding to the highest 
SNRs to the access terminal 118a. 
Once the connection between the access terminal 118a and 

the radio access network 100 has been established, the radio 
network controller 108 continuously monitors the SNR of the 
access terminal 11811. In some embodiments, the access ter 
minal 108 updates the radio network controller 108 with an 
SNR value approximately 100 times per second. When imple 
menting the NxEV-DO communication standard, the radio 
network controller 108 monitors data rate control (DRC) 
values reported by the access terminal 118a over its reverse 
links. A DRC value includes the rate at which the access 
terminal 118a desires to receive data and is generally propor 
tional to the strength of the signals the access terminal 11811 is 
receiving from the radio node 10411. From the DRC value, the 
radio network controller 108 determines the SNR of the 
access terminal 11811. The radio network controller 108 com 
pares the most recently received DRC value with previously 
received DRC values to determine whether the SNR at the 
access terminal 11811 is increased or decreased. The radio 
network controller 108 may assign additional channels to the 
access terminal 11811 if the SNR has decreased or remove 
channels if the SNR has increased. 

In some embodiments, the radio network controller 108 
determines how many channels to add or remove based upon 
the magnitude of change in the SNR. For example, if the 
magnitude is greater than a prede?ned value, the radio net 
work controller 108 either adds or removes a number of 
channels corresponding to the prede?ned value. In some 
embodiments, the radio network controller 108 determines 
the number of channels corresponding to the most current 
SNR value using the model 140 of FIG. 4 according to the 
process 160 of FIG. 5 and either adds channels to the access 
terminal 11811 or removes channels that have already been 
established from the access terminal 118a until the total num 
ber of channels assigned to the access terminal 11811 is equal 
to the number of channels corresponding to the most current 
SNR as determined using the model 140. 

If the access network senses a need to change the number of 
forward-links assigned to a speci?c AT, it could ask the access 
terminal to send SNR information periodically correspond 
ing to all the candidate forward links. In an N><EVDO system, 
the access network could trigger this by sending a RouteUp 
dateRequest message to the access terminal. 

In some implementations, the process 160 is modi?ed such 
that the SNR value is ?rst compared to the lowest threshold SI 
and subsequently compared to higher thresholds. In some 
implementations, algorithms other than process 160 may be 
used to determine the region in which the SNR value lies. 

In the context of the 3x-EV-DO communication protocol, 
the following simulations compare the average forward-link 
scheduling delay of a ?rst channel assignment scheme, in 
which channels are assigned to access terminals based on 
their SNRs in accordance with the model 140 shown in FIG. 
4, with that of a second channel assignment scheme, in which 
every access terminal is assigned exactly three channels (i.e., 
the maximum number of channels permitted by the 3><-EV 
DO communication protocol). 
When performing the simulations, a number of assump 

tions were made. At the system level, these include a 2.0 GHZ 
frequency of operation, a cell-to-cell distance of 2 km, a 
maximum path loss of 138 dB, a 3GPP2 mixed speed distri 
bution, 3x independent carries, and 120 access terminals. The 
radio nodes were implemented on a scheduler provided by 
QualComm, Inc. Other assumptions include each access ter 
minal having one VoIP ?ow and dual receive antennas. 
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8 
FIG. 6 shows a ?owchart of a process 190 for implement 

ing a simple carrier assignment algorithm that uses the path 
loss as an indication of the signal to noise ratio experienced by 
the access terminal. Two thresholds T1 and T2 are set (192) to 
—l 15 dB and —l35 dB, respectively (threshold T1 is greater 
than threshold T2). If the path loss is determined (194) to be 
less than threshold T1, the access terminal is assigned (196) 
only one carrier. Otherwise, if the path loss is determined 
(198) to be less than or equal to threshold T1 but greater than 
threshold T2, two carriers assigned (200) to the access termi 
nal. Otherwise, if the path loss is determined (202) to be less 
than or equal to threshold T2, three carriers are assigned (204) 
to the access terminal. The process may continually recheck 
the path loss and reassign carriers as necessary. 
When assigning carriers using the process 190 of FIG. 6 

according to the previous assumptions, the average number of 
carriers per access terminal is 1.92. This value is considerably 
smaller compared to an average value of 3 obtained when 
three carriers are assigned to each access terminal. 

FIGS. 7, 8, and 9 shows plots 220, 230, and 240 of the 
percentage of access terminals experiencing delays in the 
forward link using various scheduling schemes. In each of the 
plots 220, 230, and 240, the x-axis represents the delay in 
milliseconds experienced by the access terminals in the for 
ward-link, and the y-axis represents the percentage of access 
terminals experiencing delays that are less than or equal to the 
delay speci?ed by the x-axis. 
The plot 220 of FIG. 7 describes a ?rst scheduling scheme 

in which exactly three carriers are assigned to each access 
terminal. The plot 230 of FIG. 8 describes a second schedul 
ing scheme in which the number of carriers assigned to each 
access terminal is determined by its signal-to-noise ratio 
according to the process 190 shown in FIG. 6. The plot 240 of 
FIG. 9 shows the delay experienced by the access terminals 
grouped according their number of carriers assigned to them 
using the process 190 shown in FIG. 6. 
The simulations show that the average forward-link sched 

uling delay with the optimal second scheduling scheme, 
where the channel assignment is based on the signal to noise 
ratio of each access terminal is comparable to the ?rst sched 
uling scheme, where every access terminal has exactly three 
carriers. Accordingly, the second scheme has almost no pen 
alty in terms of scheduling delays. Since the average number 
of channels per access terminal is less than three in the second 
scheme, each reverse link channel supports fewer users and 
consequently, the rise-over-thermal (ROT) (i.e., the ratio of 
total power received by a radio node from a sector to a base 
line thermal noise) is lower in the second scheme than in the 
?rst scheme. As indicated by the lower ROT associated with 
the second scheme, to support the same amount of users, a 
RAN implementing the second scheme is subjected to less 
power than the same RAN implementing the ?rst scheme. 
Furthermore, since each access terminal has to transmit on a 
lower number of frequencies, it has to spend less power to 
maintain the connection, and thus its battery life can be pro 
longed. In other words, the simulations show that a RAN 
implementing the second scheme can support more users 
with less traf?c delay than the same RAN implementing the 
?rst scheme. 

Although the techniques described above employ the 
NxEV-DO air interface standard, the techniques are also 
applicable to other CDMA and non-CDMA air interface tech 
nologies. Although some of the above examples describe 
determining the SNR of an access terminal from the signal 
strength of a pilot signal as it is received by the access termi 
nal, other attributes of the pilot signal, such as phase or time 
delay, or attributes of other signals sent from the RAN to the 
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access terminal can also be used to determine the SNR of the 
access terminal. In addition, the RAN can compute the SNR 
of the access terminal by measuring various attributes of 
signals sent from the access terminal to the radio node. 
Examples of these attributes include signal strength, signal 
delay, phase, and power. In some examples, the computation 
of SNR can be performed at either or both of the access 
terminal and the radio node and then reported directly to the 
radio network controller or any other suitable location. 

Furthermore, the number of channels assigned to an access 
terminal may be based on metrics other than SNR that are 
derived from (1) attributes of signals sent from the radio node 
to the access terminal, (2) attributes of signals sent from the 
access terminal to the radio node, or (3) from combinations of 

(l) and (2). 
The techniques described above can be implemented in 

digital electronic circuitry, or in computer hardware, ?rm 
ware, software, or in combinations of them. The techniques 
can be implemented as a computer program product, i.e., a 
computer program tangibly embodied in an information car 
rier, e.g., in a machine-readable storage device or in a propa 
gated signal, for execution by, or to control the operation of, 
data processing apparatus, e.g., a programmable processor, a 
computer, or multiple computers. A computer program can be 
written in any form of programming language, including 
compiled or interpreted languages, and it can be deployed in 
any form, including as a stand-alone program or as a module, 
component, subroutine, or other unit suitable for use in a 
computing environment. A computer program can be 
deployed to be executed on one computer or on multiple 
computers at one site or distributed across multiple sites and 
interconnected by a communication network. 
Method steps of the techniques described herein can be 

performed by one or more programmable processors execut 
ing a computer program to perform functions of the invention 
by operating on input data and generating output. Method 
steps can also be performed by, and apparatus of the invention 
can be implemented as, special purpose logic circuitry, e.g., 
an FPGA (?eld programmable gate array) or an ASIC (appli 
cation-speci?c integrated circuit). Modules can refer to por 
tions of the computer program and/or the processor/special 
circuitry that implements that functionality. 

Processors suitable for the execution of a computer pro 
gram include, by way of example, both general and special 
purpose microprocessors, and any one or more processors of 
any kind of digital computer. Generally, a processor will 
receive instructions and data from a read-only memory or a 
random access memory or both. The essential elements of a 
computer are a processor for executing instructions and one 
or more memory devices for storing instructions and data. 
Generally, a computer will also include, or be operatively 
coupled to receive data from or transfer data to, or both, one 
or more mass storage devices for storing data, e.g., magnetic, 
magneto-optical disks, or optical disks. Information carriers 
suitable for embodying computer program instructions and 
data include all forms of non-volatile memory, including by 
way of example semiconductor memory devices, e.g., 
EPROM, EEPROM, and ?ash memory devices; magnetic 
disks, e. g., internal hard disks or removable disks; magneto 
optical disks; and CD-ROM and DVD-ROM disks. The pro 
cessor and the memory can be supplemented by, or incorpo 
rated in special purpose logic circuitry. 

Other embodiments are within the scope of the following 
claims. For example, the computations described can be per 
formed at one or more of the radio nodes 140a-c, at the radio 
network controller 108, or at other elements of the RAN 100. 
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What is claimed is: 
1. A method implemented by a radio network device, the 

method comprising: 
retrieving, by the radio network device, a channel assign 

ment model that assigns one or more numbers of fre 
quency channels to one or more signal strength values in 
a range of signal strength values, wherein the one or 
more numbers of frequency channels, assigned to the 
one or more signal strength values, decrease as the one or 

more signal strength values increase; 
receiving a signal strength value associated with an access 

terminal; 
comparing the signal strength value associated with the 

access terminal to at least one of the one or more signal 

strength values in the channel assignment model; 
determining, based on comparing and the channel assign 

ment model, a number of frequency channels, wherein 
the number of frequency channels are con?gured to 
operate simultaneously to provide a desired throughput 
of communications between the access terminal and a 

radio node of a radio access network; and 
assigning, to the access terminal, the number of frequency 

channels. 
2. The method of claim 1, wherein the signal strength value 

associated with the access terminal comprises a signal-to 
noise (SNR) ratio. 

3. The method of claim 1, further comprising: 
monitoring the signal strength value associated with the 

access terminal; and 
adjusting the number of frequency channels in response to 

detecting a change in the signal strength value associated 
with the access terminal. 

4. The method of claim 1, wherein one or more of the 
frequency channels comprise one or more of (i) a forward link 
con?gured to transmit data from the radio node to the access 
terminal, and (ii) a reverse link con?gured to transmit data 
from the access terminal to the radio node. 

5. The method of claim 1, wherein comparing the signal 
strength value comprises: 

comparing the signal strength value to a predetermined 
threshold value in the range of signal strength values. 

6. The method of claim 1, further comprising: 
determining the signal strength value associated with the 

access terminal based on a signal sent from the access 

terminal to the radio node. 
7. The method of claim 6, wherein the signal comprises a 

route update message signal. 
8. The method of claim 1, further comprising: 
determining the signal strength value associated with the 

access terminal from a data rate value sent from the 
access terminal to the radio node, the data rate value 
being proportional to the signal strength value associ 
ated with the access terminal. 

9. The method of claim 8, further comprising one or more 
of: 

unassigning the frequency channels to the access terminal 
at least partly based on changes in the data rate value; 
and 

assigning the frequency channels to the access terminal at 
least partly based on changes in the data rate value. 

10. The method of claim 1, wherein the assigning complies 
with one or more of: a 1x Evolution-Data Optimized (EV 
DO) protocol, a 3><EV-DO protocol, an NxEV-DO protocol, 
and a IS856-Rev-B protocol. 
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11. An apparatus comprising: 
a radio network device; and 

a non-transitory computer-readable storage medium con 
?gured to store instructions that are executable by a 
processor of the radio network device to perform func 
tions comprising: 
retrieving a channel assignment model that assigns one 

or more numbers of frequency channels to one or 

more signal strength values in a range of signal 
strength values, wherein the one or more numbers of 
frequency channels, assigned to the one or more sig 
nal strength values, decrease as the one or more signal 
strength values increase; 

receiving a signal strength value associated with an 
access terminal; 

comparing the signal strength value associated with the 
access terminal to at least one of the one or more 

signal strength values in the channel assignment 
model; 

determining, based on comparing and the channel 
assignment model, a number of frequency channels, 
wherein the number of frequency channels are con 
?gured to operate simultaneously to provide a desired 
throughput of communications between the access 
terminal and a radio node of a radio access network; 
and 

assigning, to the access terminal, the number of fre 
quency channels. 

12. The apparatus of claim 11, wherein the signal strength 
value comprises a signal-to-noise (SNR) ratio. 

13. The apparatus of claim 11, wherein the functions fur 
ther comprise: 

monitoring the signal strength value associated with the 
access terminal; and 

adjusting the number of frequency channels in response to 
detecting a change in the signal strength value associated 
with the access terminal. 

14. The apparatus of claim 11, wherein one or more of the 
frequency channels comprise one or more of (i) a forward link 
con?gured to transmit data from the radio node to the access 
terminal, and (ii) a reverse link con?gured to transmit data 
from the access terminal to the radio node. 

15. The apparatus of claim 11, wherein the functions fur 
ther comprise: 

comparing the signal strength value associated with the 
access terminal to a predetermined threshold value in the 
range of signal strength values. 
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16. The apparatus of claim 11, wherein the functions fur 

ther comprise: 
determining the signal strength value associated with the 

access terminal based on a signal sent from the access 
terminal to the radio node. 

17. The apparatus of claim 16, wherein the signal com 
prises a route update message signal. 

18. The apparatus of claim 11, wherein the functions fur 
ther comprise: 

determining the signal strength value associated with the 
access terminal from a data rate value sent from the 
access terminal to the radio node, the data rate value 
being proportional to the signal strength value associ 
ated with the access terminal. 

19. The apparatus of claim 18, wherein the functions fur 
ther comprise one or more of: 

unassiging the frequency channels to the access terminal at 
least partly based on changes in the data rate value; and 

assigning the frequency channels to the access terminal at 
least partly based on changes in the data rate value. 

20. The apparatus of claim 11, wherein the radio network 
device is con?gured to comply with one or more of: a 1x 
Evolution-Data Optimized (EV-DO) protocol, a 3><EV-DO 
protocol, an NxEV-DO protocol, and a lS856-Rev-B proto 
col. 

21. The apparatus of claim 11, wherein the communica 
tions comprise a transfer of voice over intemet protocol (IP) 
packets. 

22. A non-transitory computer-readable storage medium 
con?gured to store instructions that are executable by a pro 
cessor of a radio network device to perform functions com 
prising: 

retrieving a channel assignment model that assigns one or 
more numbers of frequency channels to one or more 
signal strength values in a range of signal strength val 
ues, wherein the one or more numbers of frequency 
channels, assigned to the one or more signal strength 
values, decrease as the one or more signal strength val 
ues increase; 

receiving a signal strength value associated with an access 
terminal; 

comparing the signal strength value associated with the 
access terminal to at least one of the one or more signal 
strength values in the channel assignment model; 

determining, based on comparing and the channel assign 
ment model, a number of frequency channels, wherein 
the number of frequency channels are con?gured to 
operate simultaneously to provide a desired throughput 
of communications between the access terminal and a 
radio node of a radio access network; and 

assigning, to the access terminal, the number of frequency 
channels. 
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